on behalf of the SMART Study Group
T he differences in the pathogenesis of large-vessel disease (LVD) and small-vessel disease (SVD) are still a matter of debate. 1 SVD may be less often caused by atherosclerosis. Carotid intima-media thickness (IMT) is a marker of atherosclerosis 2 and stroke risk. 3 Common carotid artery (CCA) IMT was higher in nonlacunar strokes compared with lacunar strokes in one study. 4 Two other studies did not find such a difference. 5, 6 In this study we investigated CCA IMT in a large series of patients with SVD or LVD.
Subjects and Methods
The Second Manifestations of Arterial disease (SMART) study is an ongoing prospective single-center cohort study in patients aged 18 to 80 years with cardiovascular disease or risk factors. 7 The study was approved by the medical ethics committee of our hospital. Written informed consent was obtained from all participants. We selected SMART patients with ischemic stroke, transient ischemic attack, transient monocular blindness or retinal infarction at baseline, that was presumably caused by atherosclerosis. Patients with cardiac embolism or another identified cause of stroke were excluded.
Stroke subtype classification was primarily based on imaging. SVD was classified in case of infarcts of Ͻ15 mm in diameter localized in the deep regions of the brain or in the brain stem. All other infarcts were classified LVD. Subtype classification based on clinical features were used if imaging was uninformative or unavailable. Cortical function disorder or motor or sensory deficit of one area of the face, arm or leg was classified LVD. Motor or sensory deficit of 2 or 3 areas of face, arm and leg without cortical function disorder were classified SVD as were patients with an ataxic hemiparesis or a dysarthria-clumsy hand syndrome. If imaging was uninformative or unavailable, cerebellar syndromes were classified LVD and brain stem syndromes as SVD. Retinal ischemia was classified LVD. 8 If imaging and clinical features were insufficient to classify subtype, patients with symptomatic ipsilateral carotid stenosis Ͼ70% were classified LVD, whereas the others were classified SVD.
Two independent observers performed subtype classification ( for agreement 0.72 for 30 testcases). A mean IMT was calculated for each patient based on 6 far-wall measurements of the left and right common carotid arteries as described previously. 2 We used linear regression analysis to calculate the mean difference of CCA IMT between the LVD and SVD group with corresponding 95% CIs and to adjust for potential confounding.
Results
The study population consisted of 417 LVD patients and 115 SVD patients aged between 23 to 82 years. Imaging was available in 369 patients with a relevant infarction in 183 patients and irrelevant infarctions in 114 patients. In 50 patients subtype classification was based only on symptomatic carotid stenosis because of insufficient clinical and radiological information. Cerebellar or brain stem ischemia was diagnosed in 34 patients. LVD patients were older, more often had had a transient ischemic attack than an ischemic stroke and more often had a symptomatic carotid stenosis ( Table 1 ). The mean CCA IMT was higher in LVD patients (1.08 mm) than in SVD patients (0.92 mm); mean difference 0.16 mm (95% CI, 0.09 to 0.23). After adjustment for age, sex and hypertension the mean difference was 0.11 mm (95% CI, 0.05 to 0.18).
Discussion
CCA IMT was higher in LVD patients than in patients with SVD. We did not adjust for symptomatic carotid stenosis because we hypothesized the higher prevalence in LVD patients is a reflection of the pathogenesis of LVD and adjustment could lead to the loss of a true effect on mean IMT. All other baseline characteristics in our study are similar to previous studies. 1 Three other studies provide data on CCA IMT and stroke subtype ( Table 2 ). 4 -6 One study showed similar results as ours although in this study lacunar stroke was compared with all types of nonlacunar stroke. 4 Two studies did not show differences in CCA IMT between LVD patients or with SVD. 5, 6 This may be caused by the use of automatic IMT measurement 5 or by exclusion of patients with carotid stenosis of Ͼ60%. 6 We used an unvalidated subtype classification system. Nevertheless, there was a satisfactory agreement between observers. Moreover, classification based on imaging and clinical features is considered superior to classification based on risk factors. 1, 9 Classifying lacunar syndromes (without infarct on imaging) as SVD can cause LVD missclassification. 10 However, in our study this would only lead to an underestimated IMT difference between LVD and SVD patients. SVD misclassification based on symptomatic carotid stenosis was probably uncommon. Carotid stenosis is unlikely to cause lacunar infarctions because the relative risks for ipsilateral and contralateral carotid stenosis in lacunar versus nonlacunar infarction are similar 1 and because of a lower benefit of carotid endarterectomy for lacunar stroke patients. 11 The generalizability of our results may be limited because symptomatic carotid stenosis was more common than in most previous studies. 1 In conclusion, we found that CCA IMT in LVD is higher than in SVD. This supports the hypothesis that LVD and SVD have a different pathogenesis. 
